Since myasthenia gravis affects the muscular system, athletes suffering from the disease often have difficulty in performing or returning to their sports activity, in which exertion of continuous muscular power is required. In this paper, we present a case of a professional bicycle rider with symptomatic MG who successfully return to his sport activity after thymectomy, steroid pulse therapy and aggressive rehabilitation. He resumed load training, returned to competitive cycling 8 months after leaving hospital while being on 20 mg PSL/day, and won seven victories in the top class cycling competitions. This is the first report on a professional athlete suffering from MG who successfully returned to competitive sports after aggressive steroid treatment.
INTRODUCTION
One of characteristic symptoms of myasthenia gravis (MG), an autoimmune disease of the neuromuscular junction is the daily variation in fatigability. Since myasthenia gravis affects the muscular system, athletes suffering from the disease often have difficulty in performing or returning to their sports activity, in which exertion of continuous muscular power is required [1] . We present a case of a professional bicycle rider with symptomatic MG who successfully return to his sport activity after thymectomy, steroid pulse therapy and aggressive rehabilitation. The available literature on treatment outcomes in athletes suffering from MG is reviewed and discussed.
CASE REPORT
A 22-year-old professional bicycle rider presented to the thoracic surgery department at our hospital with a mediastinal tumor detected on a routine medical examination. His chest X-ray, CT and MRI (Figure 1 ) indicated thymoma and blood analysis showed increased anti-acetylcholine receptor (anti-AchR) antibody levels (4.1 nmol/l). A diagnosis of myasthenia gravis was made and after removal of the tumor by video-assisted thoracic surgery the patient was discharged from the hospital.
He had not shown any symptoms affecting his daily life activities for few weeks after the discharge, but difficulty in head elevation and looking straight ahead developed at seven weeks following surgery. He was rehospitalized due to the MG remission manifested by progressive muscle weakness of his neck and tights, waning phenomenon and increased anti-AchR antibody levels (up to 43.0 nmol/l). The grade of MG at re-admission was IIA type according to the Osserman classification [2] and class IIA by the MGFA classification [3] .
COURSE AFTER RE-ADMISSION (FIGURE 2)
Prednisolone (PSL) treatment was initiated and the dose was gradually increased from 15 mg/day to 80 mg/ Figure 2 . Clinical course after re-hospitalization. PSL was gradually increased from 15 mg/day up to 80 mg/day maximum during one month. Then, steroid pulse therapy was started and followed by weaning from the steroid by decreasing PSL dose by 5 mg/day every fourth week. Rehabilitation was started from six weeks after re-hospitalization. day maximum; the PSL administration was continued for one month. Steroid pulse therapy [4, 5] was then started and was followed by weaning from the steroid done by decreasing PSL dose by 5 mg/day every fourth week. The patient strongly wished to return to competitive cycling. Although still on 80 mg/day PSL, his generally good state allowed rehabilitation. It was initiated early in the course of hospitalization: the initial 10 W load (measured with an ergometer) was applied for 5 min and then gradually increased every 3 rd day to reach the maximum of 100 W for 10 min. The exercise frequency was set at 5 times/week, and each time muscular power, respiratory rate and pulse were monitored. During rehabilitation exercises the patient was asked to wear a mask to prevent infection. Later, he developed a "moon face", steroidinduced acne and a slight rise in ocular tension in both eyes (all lasted temporarily) but no other serious complications (severe infection, crisis, etc.) were observed. Although the QMG score [3] was 11 points at the time of admission, it improved to zero at 17 weeks.
COURSE AFTER DISCHARGE
Following discharge, the patient continued to take 50 mg/day PSL for total 29 weeks from the beginning of the steroid therapy. He resumed load training, returned to competitive cycling 8 months after leaving hospital while being on 20 mg PSL/day, and won seven victories in the top class cycling competitions. The weaning from initial steroid dose has continued for 3 years and 5 months and now the PSL dose has been reduced to 6 mg/ml.
MUSCLE STRENGTH, QUANTITY AND CHANGES IN THE BONE DENSITY
In order to evaluate muscle strength, we measured isokinetic strength of muscles in knee flexion and extension by Cybex (CBX-770, Cybex Co.) and cross-sectional areas of the trunk and thigh muscles were assessed for muscle quantity using abdomen and thigh CT scans. Furthermore, bone density by DEXA method was measured and evaluated for time-related changes. Although slight variations in muscle strength per weight at knee extension were found, there were almost no changes observed between the values collected at 1 and 3 months following the discharge. The muscle strength at knee extension increased even to 109% of the one-month follow-up value at the time of return to full sports activity. On the other hand, the muscle strength at knee flexion decreased to 86% of the one-month follow-up value at 3 months following the discharge. Then, it gradually increased in parallel to the decreasing dose of the steroid and reached an almost equivalent value as measured at one month following discharge at the time of return to sports (Figure 3) .
The femoral CT axial scans taken at the time of return to sports (the upper patellar border level) demonstrated an increase in the tissue mass of the vastus medialis, biceps femoris, semitendinosus, semimembranosus and the sartorial muscles when the muscle cross sections were compared with those at the time of discharge. The amount of the tissue mass in the femoral CT axial scans was the average value obtained from 3 measurements by the PACS method and freehand ROI selections.
The abdominal CT axial scans (at the level of inferior margin of the 4 th lumbar vertebra) showed a remarkable . Although slight variations in muscle strength per weight at knee extension were found, there were almost no changes observed between the values collected at 1 and 3 months following the discharge. Then, muscular strength gradually increased. On the other hand, the muscle strength at knee flexion decreased at three months following the discharge. Then, it gradually increased in parallel to the decreasing dose of the steroid and reached an almost equivalent value as measured at one month following discharge at the time of return to sports.
Copyright © 2013 SciRes. OPEN ACCESS decrease in visceral fat at 3 years and 3 months after return to full sport activities when compared to the value at the time of first return (79.6 cm and 89.1 cm, respectively; PACS measurement method). Moreover, although marked tissue mass increases were not observed in cross sections of the abdominal internal oblique, abdominal external oblique, transverse abdominal and rectus abdominis muscles, morphology of the muscle tissue changed accordingly with the overall decrease in the visceral fat (Figures 4 and 5) . Bone mineral density was maintained within the normal range from the time of re-hospitalization until 9 months following return to competitive cycling; it reached its minimum value of 1.292 g/cm 2 at 2 months after re-hospitalization, when the PSL dose was the highest. Than, it gradually increased reaching YAM (young adult mean) score of 112% (T score: 1.8) and 105% by the contemporary comparison method (Z score: 0.7) ( Figure  6 ).
DISCUSSION
Myasthenia gravis is a disease characterized by progressive loss of muscle strength and easy fatigability; prognosis depends on the type of disease [2, 6, 7] . Definite treatment has not yet been established but administration Although bone mineral density reached its minimum value at 2 months after re-hospitalization it could be maintained within the normal range from the time of re-hospitalization until 9 months following return to competitive cycling. of a cholinesterase inhibitor or medium dose PSL has been shown to induce spontaneous remission in Osserman classification type I and MGFA classification class 0, I cases [8] . In more advanced stages, thymectomy and long-term PSL therapy are usually applied (cases with Osserman classification type II and MGFA classification class II -V complicated by thymoma); treatment results are greatly influenced by patient compliance and side effects of the applied therapy. The presented case was classified as A type (Osserman) and class IIA (MGFA) and steroid-pulse therapy was applied for 7 months to the patient who had also undergone thymectomy.
Generally, it is difficult for a top athlete suffering from and treated for MG to return to sports activity in disciplines that require muscular r and endurance like powe race cycling. This is not only because of temporary discontinuation of training caused by long-term hospitalization but also because of the nature of the disease and its complications (ex. crisis). In many cases, side effects [9] [10] [11] such as osteoporosis and loss of muscle strength that might occur due to large-dose steroid therapy may pose additional problems [1] .
OPEN ACCESS
In fact, only two reports on athletes affected by MG and their return to sports activity have been published to date [12, 13] (Table 1) . In both cases, patients had mild generalized MG (class IIA, MGFA) as in our case. Though their sports disciplines required less muscle strength and endurance than professional cycling (American football and marathon, respectively) and the level of activity was comparatively lighter than competitive cycling (one was a student practicing at a college sports club and another trained recreationally), in both cases full return to pre-disease sports activity was not possible. This is the first report on successfully treated professional athlete with MG class IIA (MGFA classification) who was able to return to his full pre-disease sports activity following steroid-pulse treatment.
We presume that three factors played important roles in treatment to full recovery in our case. First, patient's compliance was excellent and drawn by the strong desire to return to pre-disease sports activity. Second, rehabilitation was initiated early, when the patient was still under large doses of PSL. Therefore, loss in muscle strength and volume could be minimized and severe complications (e.g. crisis) avoided. Third, due to young age of the patient, his originally high bone mineral density was maintained within the normal range during the course of treatment. This allowed load training during rehabilitation.
CONCLUSION
We report a case of a professional bicycle rider who achieved full recovery to competitive sports after re-activation of myasthenia gravis (type II Osserman classification and class IIA, MGFA classification). Treatment including steroid-pulse therapy and early rehabilitation program started while the patient was still on high dose steroids and during hospitalization. This is the first report on a professional athlete suffering from MG who successfully returned to competitive sports after aggressive steroid treatment.
